To find new metabolites similar to cotylenins and fusicoccins from the fungus Alternaria brassicicola, screening tests were carried out using the lettuce seed dormancy breaking assay. Activity-guided fractionation of the EtOAc extract from the culture using the assay afforded the isolation of two novel fusicoccane diterpenoids named brassicicenes J (1) and K (2), along with three known brassicicenes A (3), B (4), and F (5). Their structures were elucidated from extensive NMR spectral data and by comparison of these with those reported in the literature. Brassicicenes (1-5) exhibited weak to moderate seed dormancy breaking activities against lettuce seeds in the presence of abscisic acid. In addition, the necrotic/apoptotic activities of the brassicicenes (1-5), fusicoccin A (6) and cotylenin A (7) were evaluated by determining their cytotoxicity, cell viability and caspase-3/7 activation on the HL-60 cell line. Brassicicene K (2) exhibited similar cytostatic profiles to that of cotylenin A (7), and brassicicenes J (1), A (3), B (4), and F (5) exhibited necrotic activity. This is the first report of the seed dormancy breaking activity of brassicicenes in plants, and of necrotic/apoptotic activity in mammalian cells.
Fusicoccins (FC) [1] , cotylenins (CN) [2] and brassicicenes (BC) [3] are structurally related diterpenoids that show phytotoxic and/or phytohormone-like activities. Several studies have previously described the biological effects of FC and CN, e.g., FC-A (6) and CN-A (7) in higher plants and mammalian cells. FC-A (6) and CN-A (7) modulate the interaction between the plant plasma membrane H + -ATPase and 14-3-3 adapter protein to form a strong complex, resulting in continuous activation of H + -ATPase [4] . Both compounds also induce apoptosis in mammalian tumor cells by activating the tumor necrosis factor related apoptosis-inducing ligand (TRAIL) pathway when applied to the cells in the presence of interferon-α [5, 6] . However, it has been demonstrated that only 7 induces differentiation of human myeloid leukemia cells [7] . There is no report for the bioactivities of BC toward mammalian cells, whereas the BC have similar structures to the FC and the CN. Since 14-3-3 proteins are highly conserved in eukaryotes, FC/CNs were anticipated to act in mammals through an interaction with 14-3-3 protein. Actually, more recent studies show that 6 and 7 also target 14-3-3 proteins in mammalian cancer cells [8] .
The CN producing fungus had lost its proliferation activity, which prompted us to search for new CN-type fusicoccane diterpenoids having the 3-hydroxy group from the BC-producing fungus Alternaria brassicicola [3a] . We report here the isolation and structure elucidation of two novel fusicoccane diterpenoids named brassicicenes J (1) and K (2), along with three known brassicicenes A (3), B (4), and F (5) from the culture filtrate of A. brassicicola. Furthermore, we show that the brassicicenes (1-5) have dormancy breaking-activities on lettuce seeds in the presence of the phytohormone abscisic acid (ABA), and have cytostatic and/or necrotic activities on human promyelocytic leukemia (HL-60) cells. This is the first report of seed dormancy breaking activity of brassicicenes in plants, and necrotic/apoptotic activity in mammalian cells. Brassicicene J (1) differed from brassicicene F (5) only by one hydroperoxyl group (Figure 1) . The presence of this moiety in the molecule of 1 was confirmed by the appearance of a red zone on TLC after spraying with N,N-dimethyl-p-phenylenediammonium dichloride/AcOH reagent. The molecular formula of 1 was assigned as C 21 H 32 O 6 based on its HR-FABMS data. DEPT spectra exhibited 21 signals, attributed to six methine, four methylene, five methyl and six quaternary carbons. The 13 C NMR spectrum of 1 was closely related to that of 5, except for differences in the chemical shifts of the carbons at C10, C11, C12, and C18. The methine proton at δ 3.21 of 1 was assigned to C11 because of its coupling (J=10.6 Hz) to H1, which was also visible as in 5 [3a] . The remaining methyl group, at C18, produced a singlet at δ H 1.56, which was attached to quaternary C12 by HMBC spectra. The positioning of a hydroperoxyl group at C12 explained this carbon chemical shift of δ C 92.6, which was comparatively lower than that of δ C 81.2 in 5. COSY, HMQC and NOESY spectra were also employed in the assignment of the 1 H and 13 C NMR signals given in Table 1 . Compound 1 was named as brassicicene J by analogy with previous names [3]. Brassicicene K (2) had a [M] + peak corresponding to C 21 H 30 O 4 and its structure therefore contained one more double bond and two oxygen atoms less than 1. Comparison of the 1 H and 13 C NMR spectra of 2 with those of the other brassicicenes revealed the loss of the C18 methyl group, the presence of an olefinic methylene group at δ 105.5, and a quaternary olefinic carbon at δ 149.1 (Table 1) . The 13 C NMR spectrum of 2 showed close similarity to that of brassicicene D, except for differences in the presence of a methine carbon at δ 53.6 and the absence of a quaternary oxycarbon at C11, as in brassicicene D [3a] . The methine proton at δ 3.65 of 1 was assigned to C11 because of its coupling (J=10.6 Hz) to H1 and of its HMBC correlations to C1, C10, C12 and C18. On the basis of the above evidence, the structure of brassicicene K (2) was elucidated as shown in Figure 1 . The 1 H and 13 C NMR signals of 2, fully assigned by COSY, DEPT, HSQC, HMBC and NOESY experiments, are shown in Table 1 .
Known brassicicenes A (3), B (4), and F (5) from the fungus were identified by their molecular formulas, [α] D values and NMR data by comparison with literature data [3a] . The 13 C NMR assignments of each compound were reinvestigated by COSY, DEPT, HSQC, HMBC and NOESY experiments and are shown in Table 1 . Table 2 : The seed dormancy breaking-activity of brassicicenes (1-5) and fusicoccin A (6) in the presence of (±)-ABA.
BC-B (4) (µM) 1.5 7.5 37.5 1.5 7.5 37.5 1.5 7.5 37.5 1.5 7.5 37.5 24 The lettuce seed dormancy breaking-activity was evaluated of brassicicenes (1-5) and fusicoccin A (6) in the presence of the dormancy inducing-phytohormone (±)-ABA (Table 2) . FC-A (6) strongly induced dormancy breaking at the low concentration of 1.5µM. On the other hand, BC-A (3) and F (5) showed weak activity in concentrations ranging from 1.5 to 37.5 µM. Only BC-B (4), J (1) and K (2) strongly induced the dormancy breaking at a high concentration of 37.5µM after 72 hours incubation, and showed germination inhibiting activity at low concentrations ranging from 1.5 to 37.5 µM. These differences in the concentration dependent activity of brassicicenes have also been observed in cotylenins and fusicoccins [2a, 9] . (6) and cotylenin A (7) on HL-60 cell. HL-60 cells were treated for 48 hours, after which the several activities were measured. When the HL-60 human promyelocytic leukemia cell line was treated with the brassicicenes (1-5), fusicoccin A (6) and cotylenin A (7), a significant reduction of viable cells was observed ( Figure  2 ). FC-A (6) was a potent cytostatic agent producing cytotoxicity and apoptosis, resulting in hardly any viable cells remaining after 48 hours of treatment at 1.0 µM. In contrast, CN-A (7) and BC (1-5) did not inhibit cell growth at low concentrations. BC-K (2) exhibited similar cytostatic profiles, with less cytotoxicity, to that of CN-A (7), except for a difference in the absence of weak apoptosis inducing activity. BC-J (1), A (3), B (4), and F (5) only exhibited weak necrotic activity at high concentrations. These observations suggested that the hydroxyl group at C3 might be necessary for reducing apoptotic activity. The different biological activities of the FC/CN class of diterpenoids toward mammalian cells explained that FC and CN partially act by different mechanisms related to 14-3-3 proteins [6] .
Investigating the diverse and important physiological roles of 14-3-3 proteins in intracellular signal transductions would be greatly enabled through access to a structural diversity of the FC/CN class of diterpenoids. In the course of our search for bioactive natural compounds similar to the FC/CN, we present two novel fusicoccane diterpenoids named BC-J (1) and K (2) with the three known BC-A (3), B (4), and F (5). To the best of our knowledge, this is the first report of BC on seed dormancy breaking activity in plants and necrotic/apoptotic activity in mammalian cells. The pure isolated BC (1-5), especially the novel 2, which exhibit a similar biological profile as CN-A (7) to HL-60 cells, prompts us to plan to evaluate the differentiation-inducing activity of the BC toward human myeloid leukemia cells.
Experimental
General: Specific rotations were performed on a JASCO P-1030 digital polarimeter (l=10 cm). HREIMS and HRFABMS were acquired on a JEOL JMS-700 MS station. Silica gel 60N (Kanto Chemical Co.) was used for flash CC (flash-CC). TLC was performed on pre-coated silica gel 60 F 254 (Merck KGaA); Compounds were detected by examining plates sprayed with vanillin/H 2 SO 4 /EtOH reagent followed by heating on a hot plate (110-120°C). 1 H NMR spectra were recorded on a Varian Unity-600 (600 MHz) NMR spectrometer with TMS as internal standard. 13 C NMR spectra were recorded on a Varian Unity-600 (150 MHz) NMR spectrometer; chemical shifts were referenced to the residual solvent signal (CDCl 3 : δ c 77.0; methanol-d 4 : δ c 49.0).
Cultivation of A. brassicicola:
A fungal strain UAMH 7474 of A. brassicicola was obtained from the University of Alberta Microfungus Collection and Herbarium. This fungus was cultivated on a 24 L scale using 1000-mL baffled Erlenmeyer flasks containing 400 mL of a 5% glucose−1% peptone−1% CaCO 3 −0.5% KH 2 PO 3 −0.1% MgSO 4 ·7H 2 O medium at 25°C for 20 days on rotary shakers (250 rpm).
Extraction and bioassay-guided fractionation:
The culture filtrate from the 20-days culture was adjusted with 5% aq. Na 2 CO 3 to pH 9.5 and extracted with EtOAc. The extract (2.4 g) was subjected to silica gel flash-CC using a CHCl 3 /EtOH gradient to give 30 fractions. Among the fractions examined using the seed dormancy breaking-assay, fractions 15, 18, 19, 20 and 29 elicited the most activity. Fractions 18 (9.9 mg) and 19 (33.6 mg) were combined and then purified using a toluene/acetone gradient to give 1 (10.7 mg) and 2 (3.9 mg). Further fractionation of fraction 15 (72 mg) and fraction 20 (199 mg) were accomplished using silica gel flash-CC with a n-hexane/acetone gradient to give 3 (16.7 mg) and 4 (3.7 mg), respectively. Fraction 29 (46.4 mg) was further purified using a CH 2 Cl 2 /acetone gradient to give 5 (3.4 mg). 
Seed dormancy breaking-assay:
For the bioassay-guided fractionation, the seed dormancy breaking-activities of the EtOAc extract and fractions were examined at final concentrations of 10 and 100 µg/mL in the presence of racemic plant hormone (±)-ABA (TCI Co., Ltd.; 7.5 or 37.5 µM final concentrations) on the lettuce seeds (Lactuca sativa, CV. Mamalettuce) by a similar method to that used in previous studies [9] . The seed dormancy breakingactivities of pure isolates 1-5 and FC-A (6) were evaluated at final concentrations ranging from 1.5 to 37.5 µM in the presence of (±)-ABA (37.5 µM final concentration) by the method described previously.
Cytotoxicity, cell viability and apoptosis (caspase-3/7) assays on HL-60 cells:
The assays were performed using an ApoTox-Glo Triplex kit (Promega) against human promyelocytic leukemia (HL-60) cell. Briefly, the cells were maintained in RPMI medium supplemented with 10% fetal calf serum at 37°C in a 5% CO 2 incubator. Cell suspensions were plated at a density of 0.5 × 10 4 cells into each well of a 96-well plate. After 3 h incubation of cells, test compounds and controls were added to wells to a final volume of 50 µL per well at final concentrations ranging from 0.1 to 100 µM. After 48 h of incubation, the viability/cytotoxicity reagent (10 µL) was added to the cells. After 1 h incubation at 37°C, fluorescence was recorded at 400 nm excitation/ 505 nm emission for viability and 485 nm excitation/ 520 nm emission for cytotoxicity using a microplate reader for fluorescence (Infinite 200 PRO, TECAN). Caspase-Glo 3/7 Reagent (50 µL) was further added to the cells and after 30 min of incubation at room temperature, luminescence was recorded using a microplate reader (Infinite 200 PRO, TECAN).
